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Bending on E-plane has shown severe degradation in antenna gain performance, 
whereby at H-plane, significant improvement in gain was observed. 
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1. INTRODUCTION 

Wearable technology has experience a slow growth in the market since 1970s. Until recently, 
the market for wearable technologies has dramatically increased from the popularity of fitness tracker 
and smart watch. Now, smart clothing such as textile antenna or e-textile became the sensation for wearable 
technologies as they have a great potential due to their low mass, physical flexibility, and ability to be 
embedded on garment [1, 2]. E-textile is a conducting fabric that supports the idea of wearable computing 
or electronic device that is integrated into garment. This platform can be applied in some application such as 
medical and military as it enables wireless communication network including tracking and navigation, 
health monitoring, public safety and also can work for entertainment [3-7]. Textile antenna is developed to be 
a part of clothing. Therefore, to make it more practical, flexible and suitable to be worn, a study on fabric 
material for antenna substrate such as felt, cotton, jeans, and polyester is done [8-10]. Many studies related to 
textile antennas such as materials and types of patch used [11-13], sewing and embroidery effects [14, 15], 
Electro-Textile [16, 17], water and moisture effects [18], specific absorption rate (SAR) by human [19, 20], 
bending effects [21, 22] and simulation of actual fabric [23] is developed in order to enhance the technology. 
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Since textile antenna is placed on clothing, it is impossible for the antenna to remain flat on cloth as we make 
movement every time. Thus, it is important to study the effect of bending on antenna performance. 

Previously, researchers have studied the antenna performances on flat condition [24-26]. In this 
paper, three designs of textile antenna with different shape of patches are presented. The first antenna 
is a simple square patch antenna, then circle patch antenna and lastly the edgy antenna which illustrate 
the flower. The antennas are simulated and measured under the E-plane and H-plane bend conditions. 
To demonstrate the bent condition, a cylindrical foam with 42.5mm radius and permittivity of 1 (&. =1) 
is used. The radius of the cylindrical foam gives a bending angle of approximately 135°, which represents 
the radius of a human arm. Here, the dielectric effects of the human arm are preliminary ignored to analyze 
the bending effect to the antenna performance. The performance of the antenna is analyzed and the effect 
of the bending on each antenna shape is studied. The conductive fabric used is the custom-made e-textile that 
was developed in our lab facilities. 


2. RESEARCH METHOD 
This section will be divided into few sub topics which are conductive yarn, conductive fabric 
(e-textile), and antenna design. 


2.1. Conductive yarn 

As in previous work [27], two types of yarn which are copper covered yarn and copper core 
sheathed yarn are developed and tested for its performance. Copper covered yarn is a polyester yarn that 
is twisted around by copper yarn, while copper core sheathed yarn is a copper yarn that is wrapped around by 
polyester yarn. From the results, copper covered yarn has a superior performance as compared to copper core 
sheathed yarn due to its yarn characteristics. Copper covered yarn has high composition of copper yarn, high 
number of conductive yarn in lcm’ of fabric and also small in size. Therefore, copper covered yarn as shown 
in Figure | is presented in the experiment. 






Polyester yarn 


Copper yarn 


Figure 1. Copper covered yarn 


2.2. Conductive fabric 

By employing a previous conductive yarn, the conductive fabric is developed by using 
SULZERTEXTILE G6300 Rapier Weaving machine. The conductive yarns are interlaced with 
non-conductive yarn in order to make it more comfortable to a wearer. As reported in [28], weaving 
techniques influenced the antenna performance, thus, three weaving techniques which are plain, satin 
and twill are investigated. The results were explained through dielectric loss mechanism and it was observed 
that satin weaving technique has the best gain performance since the ratio of copper in metallic face is greater 
than plain and twill. Hence, satin weaving fabric as in Figure 2 is applied for the next antenna designed. 


Satin Conductive fabric Satin Weaving Structure 
WH 5 Pal Ma et, 
THUR s 


Red: 
Conductive yam 
Blue: 


Conductive yarn 


Non-conductive 
yam 
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Figure 2. Satin weaving pattern [24] 


2.3. Antenna design 
Three different antenna designs are simulated and fabricated. A simple square patch textile antenna 
represents design 1. Then, a circular textile antenna represents design 2 and a flower textile antenna will 
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represent design 3. The specification of the antenna designs is explained in Table 1. Figures 3 and 4 represent 
the geometry of the antenna and the detailed dimensions of antenna design 1, 2, and 3. 


Table 1. Antenna design specification 


Features Specifications 

Frequency of operation 1.575 GHz 

Patch E-textile-Copper covered fabric (o = 30200 S/m) 
Thickness=0.36 mm 

Substrate Polyester (€r=1.36) 
Thickness=1.44 mm 

Ground Fully copper 
Thickness=0.035 mm 

Feeding method Coaxial probe (SMA 50Q connector) 

Conductive fabric (Patch) 


0.36 mm t 






0.035 mm 
Coaxial Probe 





Figure 3. Geometry of antenna design 
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Figure 4. Dimension for antenna design | (square patch textile antenna), design 2 (circular patch textile 
antenna), and design 3 (flower patch textile antenna) 


3. RESULTS AND DISCUSSION 

This section will discuss the bending effect of three shapes of textile antennas under E-plane 
and H-plane bending condition. The performance of the antennas will be analyzed in terms of resonant 
frequency, gain and radiation pattern. The simulation is performed using CST microwave software 
and the fabricated antennas are measured in anechoic chamber OTA-500. Figure 5 shows the experimental 
setup for the measurement of antenna in bent condition. 
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H-plane setup Design 1 Design 2 Design 3 
(a) 





E-plane setup Design 1 Design 2 Design 3 
(b) 


Figure 5. Antenna on H-plane and E-plane bent condition, (a) H-plane bent condition, 
(b) E-plane bent condition 


Figure 6 presents the results of resonant frequency and return loss of the three antennas with respect 
to bending effects at H-plane and E-plane. From the results, the resonant frequency for all antennas is slightly 
shifted when the antenna is bent. Theoretically, the antenna changes its effective length when the antenna 
is bent. When the bending angle of the antenna increases, the effective length is decreased and the resonant 
frequency will shift to a higher band [22]. As seen in Figure 7, the antenna is highly shifted when the antenna 
is bent along the E-plane. This is because the bending occur at the radiating element of the antenna. 
For return loss, it is normal to have increment in magnitude when the antenna is bent. From the results, 
all antennas have maintained the return loss of under -10 dB after bending is applied. 


Return Loss (dB) 

Return Loss (dB) 

Return Loss (dB) 
$ 

















1.0 1.2 1.4 1.6 1.8 2.0 22 24 
Frequency (GHz) Frequency (GHz) Frequency (GHz) 


(a) (b) (c) 


Flat (Sim.) 
H-plane bent (Sim.) 
E-plane bent (Sim.) 





Figure 6. Resonant frequency and return loss of all antennas, (a) Design 1, (b) Design 2, (c) Design 3 


As for radiation pattern presented in Figure 7, the investigation shows that when bending is applied 
on E-plane the side lobe becomes larger, and when bending is applied on H-plane the side lobe has 
decreased. Figure 8 explained the current flow of the situation expressed in Table 2. In term of gain, the 
result in Table 2 shows that the gain of the antenna is increased when it is bent along H-plane. Meanwhile, 
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the gain is dramatically decreased when the antenna is bent towards E-plane. So, when the antenna is in flat 
condition, the current is distributed equally. However, when the antenna is bending in H-plane condition, the 
current will accumulate at the bend side. Thus, higher magnetic field appears and causing the antenna to be 
more directional which has resulted in the increase in gain and reduced in side lobe of radiation pattern. 
However, when the antenna is bent towards E-plane, the current will be distributed to side, less current 
accumulate at the center. Hence, the gain decreased and more side lobe form on radiation pattern. 


Flat (Sim_) 

H-plane bent (Sim_) 
E-plane bent (Sim_) 
Flat (Meas_) 

H-plane bent (Meas_) 
E-plane bent (Meas.) 





(a) (b) (c) 


Design 1 


Design 2 


Design 3 





Figure 8. Current distribution of the flat antenna and bent antenna in the H-plane 
and the E-plane bending conditions 


Table 2. Gain performance of antenna design 1.2 and 3 towards bent condition 
Type of antennas Gain (dB) 


Flat antenna Bending on H-plane Bending on E-plane 

Simulation Measurement Simulation Measurement Simulation Measurement 
Design 1 1.21 1.15 1.43 1.29 -0.24 -0.96 
Design 2 1.58 1.39 1.96 1.55 -0.15 -0.71 
Design 3 1.60 1.43 2.68 2.52 -1.8 -3.23 
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From Table 2, it is also noticed that the greatest increment and decrement in the gain occurs at 
antenna design 3 (flower). Based on the observation, this situation happens due to the shape of the antenna 
used. Design 3 implements flower shape which actually has more edgy shape compared to design 1 and 2. 
When edgy design is applied on antenna, its effect on bending seems to be more obvious. The measured gain 
antenna for design 3 showed the highest increment in H-plane and became severe in E-plane. Fabrication 
error may also contribute to the worst antenna performance as a lot of edge to be cut manually and soldering 
also affect the antenna performance [29]. As compared to design | and 2, the increment and decrement 
of gain are not obvious even in bending condition. 


4. CONCLUSION 

The analysis on the effects of bending towards different shape of antenna design is done. The shape 
of antenna has significant influence to the antenna performance. The edgy the antenna the more obvious its 
increment and decrement in gain. This condition actually shows that the antenna is not stable, since 
the performance can increase and decrease drastically. So in order to design a textile antenna, it is preferred 
to use antenna with less edges. On the other hand, by implementing a simple and less edge design, 
mechanical error such as fabricating error could be reduced since the fabric is manually cut and fabricate. 
Through this study, it is realized that bending condition will also influence the antenna performance. Bending 
along the H-plane could increase the gain since the current accumulates at the center of the bent side 
and produces high magnetic field which will enable the gain to increase and the antenna will be more 
directive. However, bending on E-plane will decrease the antenna gain and directivity, as the current 
accumulates along the E-plane will disperse to the side of antenna. Therefore, in real application, it 1s crucial 
to let the antenna to bend along the H-plane only. In terms of frequency, bending does not affect much at 
the resonant frequency in H-plane bent. As for return loss, they are all below -10 dB even after bending 
is applied. In conclusion, from the results and analysis, textile antenna is seen to be tolerable towards 
the bending and suitable to be worn. 
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